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An application of the general equation obtained in Part I to low critical temperature 
superconductors utilizing an ad hoc phononic theory is developed. Then, we arrive to a specific 
expression for the bounding energy as a function of temperature. The density of states of the 
electron pairs is calculated and used to obtain an equation for the critical magnetic field. This 
result is needed for determine the electrodynamical properties. Finally, we obtain the specific 
heat as a function of temperature and compare it to experimental data for Sn , and calculate its 
jump at CT  for eight superconductors.  
PACS 74.20.-z,  74.20.Fg,  74.20.Rp 
The New Theory of Superconductivity exposed in Part I is reassumed here utilizing a low 
temperature harmonic theory of the phonons where acoustic phonons are predominant. With the 
general expression obtained incorporating the parameter of superconductivity the bounding 
energy (energy gap) is calculated as a function of temperature. An expression for the density of 
states of electron pairs for this kind of superconductors is given taking into account that the 
energy of the local electron pair and phonon are equal. Through the use of the density of states 
and the energy gap we determine the relation between the critical magnetic filed and the 
temperature. The electrodynamic properties of those superconductors are then explained and a 
comparison with experimental data for the specific heat and its jump at CT  is done. 
For the acoustic phonons the frequency ω  depends directly on the moment q  of such a form that 
cqp h=ε . At low temperatures ( )DT Θ<<  we first note that only phonons with ( )qωh  
comparable to or lesser than CBTk  can be absorbed or emitted by electrons. In the case of 
absorption this is immediately obvious, since these are the only phonons present in appreciable 
number. It is also true in the case of emission that in order to emit a phonon, an electron must be 
far enough above the Fermi level for the final electron level (whose energy is lower by the 
quantity ( )qωh ) to be unoccupied; since levels are occupied only to within order TkB  above Fε , 
and unoccupied only to within order TkB  below of Fε , only phonons with energies ( )qωh  of the 
order of TkB  can be emitted. 
Well below of Debye temperature, the condition ( ) CBTk≤qωh  requires q  to be small compared 
with Dk . In this regime ω  is of the order of cq  so the wave vectors q  of the phonons are of the 
order of cTk CB h  or lesser. Thus within the surface of phonons that the conservation laws 
permits to be absorbed or emitted, only a subsurface of linear dimensions proportional to T , and 
hence of area proportional to 2T , can actually participate. We conclude that the number of 
phonons that can scatter an electron declines as 2T  becomes well below the CT . 
As we have already previously seen, upon arriving to the critical temperature the electron pair 
energy E  is constant and equal to the phonon energy for maxq (see Ref. 1). Then, let make 
( ) ( ) ( ) CBp TkE λεε ==== maxmax qqk2 l ,  (1) 
where λ  is the parameter of the superconductivity, which it is characteristic of each 
superconductor material and is determined from the experiments, measuring the bond energy of 
the electron pairs ( )KT 02 0 =ε  and the critical temperature. 
However, for KT 0=  we also know that ( ) 00 =l  since 0≈q , then ( ) CBTkE λε == 02 0 . 
Therefore, for any temperature in the interval CTT <<0 , ( ) ( ) TkBλε == qk l2 . Taking into 
account the equation1 ( ) ( )( )2022 2 TqE ε+= l , we obtain ( )( ) ( ) ( )22202 TkTkT BCB λλε −= . 
From here we obtain the general equation for the low temperature superconductors 
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The equation (2) allow us to calculate the bond energy of the electron pairs as a function of the 
temperature. All the physical magnitudes of superconductors that vary with the temperature are 
related with this energy. Notice that for ( ) 0, 0 == CC TTT ε  and for ( ) 00,0 0 == εT . The form 
suggested by Buckingham2 is ( ) ( ) 210 12.3 CCB TTTkT −=ε , which it is empiric and it is not valid 
in KT 0= . The BCS3 theory doesn't arrive to an explicit relationship for the bond energy of the 
electron pairs. 
Some of the one-electron or lattice properties, like the specific heat and the magnetic field, are of 
the form 
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where for each n  the sum is over all the allowed k  given (physically distinct levels) and s  is the 
phonon branch. It is often convenient to reduce such quantities to energy or frequency integrals, 
introducing a density of levels or normal modes with infinitesimal energies or frequencies 
ranging between ε  and εε d+  or ω  and ωω d+  
( ) ( )∫ εεε Qgd    or   ( )∫ )(ωωω Qgd .  (4) 
Comparing (3) and (4) we find that density of states is given by 
( ) ( )( )∑ ∫ −=
n
n
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In the case of electron pairs the density of states corresponding to the total energy E  is constant, 
but the corresponding to the energy of the electron pair ( )ql  is variable and considering that this 
energy is equal to the phonon energy and it depends linearly on q  (notice that it does not depend 
on the square of q ), then we have: 
i) In the first case, where constE =  and ( ) E=maxql , the density of states of the electron pair 
does not depend on k , then 
( ) ( ) ( ) ( )maxmax32 qqk EEnEEdEg −=−= ∫ δδπ ,  (6) 
carrying out the integration in spherical coordinates in the reciprocate space of wave vectors, we 
obtain ( ) ( )FFF gkn εεπ 323 23 ==  with ( ) 22πε hFF mkg = , but as E  is constant, then EF =ε  
and ( ) ( ) ( ) ( )FFCB EggTkn εελ 3232 == . 
ii) In the second case ( )ql  depends linearly on q  and it varies from ( ) 00 ==ql  in KT 0=  until 
( )( ) 2122 TE l−  for any temperature CTT <<0  or max0 qq << , taking into account that 
( ) cqT p hl == εorq ; then, the integration of the Eq. (6) is 
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where ( )( ) 232223333333 333 πεππε nqqcqc FFFFF === hh , and substituting the value of n , we 
obtain 
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Notice that when ( ) FT ε=l , then ( ) ( )Fgg ε=l ; finally we can write 
( )( ) ( ) ( )FgE
TTg ε2
2ll = ,  (9) 
which it is different to the obtained in the BCS3 theory (see Eq. (3.26) of Ref. 3). 
The critical magnetic field for a bulk superconductor material of unit volume it is calculated 
equaling the magnetic energy with the average bond energy of the electron pairs: 
( ) ( )∫= εεεπ dgTH C8
2
.  (10) 
For EKT == ε,0  and ( ) ( )Fgg εε = , the critical magnetic field can be calculated as 
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obtaining ( ) ( )( ) ( )040 021 εεπ FC gH = . In order to calculate the critical magnetic field as a function 
of the temperature we use the Eq. (10) in the following form 
( ) ( ) ( )( )∫= lll dTgTTH Cπ8
2
;  (12) 
substituting the expression for the density of states given by Eq. (9), we obtain 
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and this way we have obtained that 
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Substituting the Eq. (2) in Eq. (14), we obtain 
( ) ( )( ) ( ) 


 −=

 −= 2
2
2
2
1014
C
C
C
CBFC T
TH
T
TTkgTH λεπ . (15)  
This expression is valid in the whole interval of temperature CTT ≤≤0  and it coincides with the 
empirical law obtained from the experiments; in this case the BCS theory deduces an expression 
for the critical magnetic field only in KT 0= . 
The electrodynamical properties of the superconductors are closely related or very related with 
the critical magnetic field considered in the Eq. (15). Taking into account the Maxwell equation 
( )JH cπ4=×∇  and applying the rotor in both members and considering that 0=⋅∇ H , we 
obtain ( ) JH ×∇−=∇ cπ42 . Now if we consider that an electric force of the form Ep edtd =  is 
generated, and considering that vJ ne= , we obtain ( )( ) EJ =dtdnem 2 ; then, applying the rotor 
in both members and considering the Maxwell equation ( )( )dtdc HE 1−=×∇ , we obtain that 
( ) HJ −=×∇2necm . Now if we make ( )2224 nemcL ==Λ πλ  and substituting in the previous 
equation we obtain one the London equations4 JH Λ×∇−= c , which when it is combined with 
( ) JH ×∇−=∇ cπ42  leads to the second London equation 22 LλHH =∇ . This implies that a 
magnetic field is exponentially screened from the interior of a sample and only can penetrate the 
length Lλ , this is the Meissner effect. Thus, the parameter Lλ  is operationally defined as a 
penetration depth. 
From the equation ( ) HJ −=×∇2necm  and by using the relation AH ×∇=  we obtain 
( ) ( )AAJ cmcne Λ−=−= 12 , this is the diamagnetic density of current, which is valid for 
KT 0= ; therefore we can write it of the following form 
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In order to calculate the paramagnetic density of current we use the equation (15) and substituting 
the equation JH Λ×∇−= c  we obtain 
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This equation coincides with the equation (5.25) of the paper of BCS theory3 
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1=β , if we use the equation (2) for the electron pairs 
bond energy ( )T0ε . 
The paramagnetic current is 
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Notice that the paramagnetic density of current contains the diamagnetic density of current, from 
such a form that the total induced density of current is 
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then, using the Eq. (19) we obtain the Eq. (5.26) of the paper of BCS3 theory: 
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Now, considering the equation 22 LλHH =∇  and substituting ( )TCH , we obtain 
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we obtain that ( )TLλ  is given by the following expression 
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which it is in correspondence with our equation for ( )TΛ  and with ( )TLλ  from the BCS theory; 
however it does not coincide with the empirical law 
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Taking the relationship between the phonon moment q  and the coherence distance 0ξ   
qπξ
1
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and knowing that in KT 0= , max02 cqTk CB h== λε , then c
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λ= , and after substituting in 
the Eq. (25) we obtain 
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In the BCS theory 18.01 =λπ , but Faber and Pippard5 obtained a value of 0.15 and Glove and 
Tinkhan6 obtained a value of 0.27. In order to calculate the dependence on the temperature of 
( )T0ξ  we take into account the equation ( ) ( )TcqT h=02ε , where 
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Taking into account the Eq. (24) for ( )TLλ  we obtain that 
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the ratio of the two characteristic lengths defined in the Ginzburg-Landau7 theory, which it is 
independent of the temperature, but it is characteristic for each superconductor. 
Upon arriving to CT , we can continue with our starting points in the general theory of the 
superconductivity, where the electron pairs energy is equal to the phonon energy. We can say that 
physically the specific heat of the free electrons becomes in the specific heat of the electron pairs 
and then in the specific heat of the phonons, therefore we should make a theory of the specific 
heat very similar to the phonons one, but using the Maxwell-Boltzmann distribution function and 
introducing the superconductivity parameter. The low temperature specific heat of the phonons in 
the quantum theory of the harmonic solid is given by 
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As we can see, at very low temperature modes with ( ) TkBs >>qωh  will contribute negligibly to 
the specific heat, since the integrand will vanish exponentially. However, because ( ) 0→qsω  as 
0→q  in the three acoustic branches, these conditions will fail to be satisfied by acoustic modes 
of sufficiently long-wavelength, no matter how low is the temperature. These modes (and only 
these) will continue contributing appreciably to the specific heat. 
Bearing this in mind, we can make the following simplifications in Eq. (30), all of which result in 
a vanishing small fractional error, in the zero-temperature limit: i) Even if the crystal has a 
polyatomic basis, we can ignore the optical modes in the sum over s , since their frequencies are 
bounded below; ii) We can replace the dispersion relation ( )qsωω =  for the three acoustic 
branches hTkB  because they are substantially lesser than those frequencies at which the acoustic 
dispersion curves begin to differ appreciably from their long-wavelength linear forms; iii) We 
will substitute the Bose-Einstein distribution function for the Maxwell-Boltzmann distribution 
function; thus at low temperature for the superconductor electron pairs the Eq. (30) may be 
simplified to 
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where the integral is over the q  values in the interval max0 qq << , which it corresponds to the 
temperature interval CTT <<0 . We evaluate the integral in spherical coordinates, writing 
Ω= dqdqd 2q  and making the sum on s , we obtain 
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If we make the change of variables cqhl =  and considering that ( )( )ll ∂∂∂∂=∂∂ TT  and 
TkBλ=l  we obtain 
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previously we have obtained that ( )FgEc επ 2233 2=h  and considering that CBTkE λ=  and 
TkBλ=l , we obtain 
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and as the electronic specific heat in CTT ≥  is 
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Taking into account that ( ) CBTk02 0ελ =  we finally obtain for the specific heat in the 
superconducting state the following expression: 
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This expression is valid in the whole interval of temperature CTT ≤<0  and it describes the jump 
of the specific heat in CTT = , taking into account the particular characteristic of each 
superconductor material through the parameter λ  of the superconductivity. This expression can 
be written as ( ) ( )3CCevv TTTcc ζ= , where  
( ) ( )λλπζ −−= e12 22 ,  (37) 
which it can be called a characteristic parameter of the specific heat. 
The ratio C
e
vv TTvscc  is plotted in Fig. 1 (using Eq. (36)) and it is compared with experimental 
values for tin; we used 1.05.3 ±=λ  reported in Ref. 8. The agreement of our expression is rather 
good. In Table 1 we show measured values of the ratio ( )
CT
e
v
e
vv ccc − reported in Ref. 8 and 
calculated for our equation. 
We think the problems that have presented the various theories of superconductivity are due to an 
incorrect physical interpretation of this phenomenon and of the energies appearing in the general 
equation of superconductivity. Besides, those theories don't keep in mind that the electron pair 
energies are equal to the phonon energies. 
The superconductivity can only occur in materials where free electric charges exist, such like the 
conductors. The superconductivity in pure dielectrics cannot exist, because in those materials the 
electric charges don't exist, so that, for superconductivity occurs should be occurs a conductor-
superconductor transition of phase. Due to this condition, if we want to obtain a superconductor 
with high critical temperatures, then we need an electron-phonon coupling constant strong 
enough to have electron pairs correlated with small coherence distance; this is to say very near 
electrons. In order to obtain strong coupling between the electrons and the phonons we need 
materials like the dielectrics, but we know that in those materials there are not free electric 
carriers, therefore, we need to introduce conductor or metallic phases inside them with the 
purpose of free carriers can move through that phases as it happens in the high Tc ceramic 
superconductors. In conclusion the ideal superconductor should have a big electron-phonon 
coupling constant, which it is characteristic of the dielectrics and conductor phases where the free 
charges exist and they can form the electron pairs. 
The relation ( ) CBTk5.302 0 =ε  imposed in the BCS theory3 forbids the existence of 
superconductivity in high CT . We think this relation is important and it should be rewritten in the 
following form: CBTkλε =02 , where λ  is our superconducting parameter, which it depends on 
each type of superconductor and it can be experimentally measured. For the superconductors 
characterized by high CT  this parameter is big. 
It is physically acceptable that an electron pair is a new quasi-particle, which it is formed by two 
electrons and one phonon occupying the same states, but without losing any of their own identity, 
the electrons continue being fermions and the phonon a boson; that is the reason because we use 
the statistics of Maxwell-Boltzmann. 
If the hypothesis of the formation of electron pairs is experimentally proven in any type of 
superconductivity, then the electron-electron Coulomb repulsion should compensate any 
interaction responsible for the electric resistance, which in this case it is considered as a different 
type of interaction from the electron-phonon one. 
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Table 1. We show measured values of the ratio ( )
CT
e
v
e
vv ccc − reported in Ref. 8 and calculated 
for our equation. We have considered the values listed of the λ parameter of Ref. 8 which they 
have an uncertainly 1.± . The values in bold and underlined are in good agreement with the 
experiment data, considering the uncertainty in λ  
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THEORETICAL DATA 
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-0.1            λ             +0.1 
Al 3.4 1.4 1.12 1.26 1.41 
Nb 3.8 1.9  1.86  
Pb 4.3 2.7  2.69  
Sn 3.5 1.6 1.26 1.41 1.55 
V 3.4 1.5 1.12 1.26 1.41 
Ta 3.6 1.6 1.41 1.55 1.70 
Tl 3.6 1.5 1.41 1.55 1.70 
In 3.6 1.7 1.41 1.55 1.70 
 
